Abstract
Introduction
Positron emission tomography (PET) using [
18 F]-2-deoxy-D-glucose (FDG) diagnoses, stages, and restages many cancers and is often better than anatomic imaging alone. The fusion of functional (PET) and anatomic computed tomography (CT) imaging continues to evolve and provide valuable clinical information. These findings, however, may be subtle on either modality alone. This is especially apparent when dealing with abnormalities within the orbit. Not only is it at the edge of the field of view for the standard base of skull to upper thigh scans, but there is also increased FDG uptake in the extraocular muscles [1] . In this article, we demonstrate various orbital abnormalities. A total of 8430 PET/CT reports were reviewed from August 2006 to June 2011. A log recorded cases of abnormalities reported within the orbit. A total of 35 patients had abnormalities described in the reports. All images were reviewed and the most interesting with all available follow-up data were selected. To the best of our knowledge, this pictorial essay may be the first to compile various abnormalities within the orbit.
PET/CT image acquisition
An intravenous injection of 5.18 MBq/kg (0.14 mCi/kg) of FDG was performed after at least a 4-h fast. Patients sat in a quiet injection room without talking during the subsequent 60 min of the FDG uptake phase and allowed to breathe normally during image acquisition. All scans were acquired using a PET/CT scanner (Gemini; Philips Medical Systems).
The CT scan component of the PET/CT scanner consisted of a 64-slice multidetector helical CT with a gantry port of 70 cm. Parameters were as follows for 2021 bed acquisitions: 120140 kV and 33100 mAs (based on body mass index), 0.5 s per CT rotation, pitch of 0.9 and 512 Â 512 matrix. CT data were used for image fusion and the generation of the CT transmission map. Arms were placed above the head for CT acquisition, except in head and neck cases where the arms were placed at the sides. Per our protocol, the CT images were obtained without oral or intravenous contrast.
The PET component of the PET/CT scanner is composed of lutetium-yttrium oxyorthosilicate (LYSO)-based crystals. Emission data were acquired on average for PET/CT images demonstrated widespread metastasis involving the cervical nodes, liver and bones. There was also a hyperdensity in the orbital cavity consistent with orbital implant and an intense FDG-avid soft tissue mass anterior to the implant (maximum standardized uptake value [SUV max ] 9.6). The mass was biopsied revealing malignant melanoma.
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Ocular tumors
Ocular cancers can be an isolated tumor originating within the globe or metastasis from another site. Tumors can be both sight and life threatening. The most common primary tumors of the eye are uveal melanoma and primary intraocular lymphoma in adults and retinoblastoma in children [2, 3] . Uveal melanomas are classified according to the part of the uvea where the tumor arises, choroidal, ciliary body and iris ( Fig. 1) . Treatment of uveal melanoma is based on many factors, but the most important is the size of the tumor. Commonly these lesions are treated with plaque brachytherapy, but enucleation is required in severe cases.
Ocular squamous cell carcinoma is another primary ocular tumor; it is less common and arises from abnormal epithelial cells that invade the conjunctival stroma. These lesions can invade the anterior chamber of the eye or the orbital septum to involve the soft tissue of the orbit (Fig. 2) . The management of this tumor is dependent on the extent of the lesion but most commonly includes excision with cryotherapy and/or chemotherapy [4, 5] . These tumors typically demonstrate intense FDG uptake on PET.
Malignancies from other parts of the body also metastasize to the globe. These are usually discovered when the tumor affects vision or displaces the globe. The most common location for ocular metastasis is within the choroid, the most vascular layer of the eye (Fig. 3 ). This type of metastasis occurs most commonly from lung cancer in males and breast cancer in females [6] . Treatment is based on the type and severity of tumor involvement. These tumors can demonstrate variable uptake on PET depending on FDG avidity of the primary malignancy.
Orbital tumors
The orbit is a cone-shaped space comprised of seven bones (frontal, greater and lesser wings of the sphenoid, zygoma, maxilla, lacrimal, palatine, and ethmoid). It contains the globe, muscles, fat, vasculature, nerves, glands and connective tissues. Due to the confined space, a lesion can lead to proptosis affecting vision and extraocular muscle function.
Lymphoma is the most common orbital malignancy accounting for 55% of all malignant orbital tumors in adults [7] . It is a type of non-Hodgkin lymphoma that typically occurs in older patients, mostly the B-cell phenotype (Fig. 4) . It presents with decreased vision and nonresolving uveitis and is usually treated with radiotherapy and/or chemotherapy [8] . These tumors typically demonstrate intense FDG uptake on PET.
Optic nerve sheath meningiomas are benign tumors of the optic nerve. They arise from the meningothelial cap cells of the arachnoid villi. As the tumor grows, it compresses the optic nerve, which causes loss of vision (Fig. 5) . In older patients, management of these tumors is conservative. Radiation is the most common form of treatment. However, in younger patients, the lesions can be more aggressive and are excised. Nevertheless, optic nerve sheath meningiomas often cause severe visual deficits after resection [9] . These tumors demonstrate minimal to no FDG uptake on PET and require diagnosis from physical examination and anatomic imaging, such as magnetic resonance imaging (MRI) as in our case.
Adenoid cystic carcinoma is a tumor affecting various glands. When it involves the lacrimal gland, there is a progressive onset of proptosis, globe displacement and commonly lytic bone involvement. Pain and numbness are also common due to invasion of the local nerves (Fig. 6) . The management of this tumor is typically aggressive resection with removal of soft tissue and bone followed by radiotherapy [10] . These tumors typically demonstrate intense FDG uptake on PET.
The presence of orbital metastasis is usually associated with a poor prognosis due to likely widespread Figure 5 A 43-year-old woman presenting with loss of vision due to a right orbital tumor. PET/CT (top row) demonstrated asymmetric thickening with mild FDG uptake in the right optic nerve. MRI was performed (bottom row). T1 and T2 images demonstrate a right intraorbital mass encasing the optic nerve isointense on T1 and T2. The mass was then biopsied revealing meningioma.
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Metastasis from lung cancer is more aggressive with displacement of the globe. Orbital metastasis of cutaneous malignant melanoma occurs in 5.315% of all metastatic orbital tumors [11] . It often involves the extraocular muscles resulting in diplopia (Figs. 1 and 8) . Surgical resection may be warranted for palliative measures and various trials of immunotherapy and chemotherapy are available [12] . These tumors can demonstrate variable Figure 6 A 48-year-old woman presenting with a right orbital mass. PET/CT demonstrates an FDG-avid mass within the medial right orbit (SUV max 9.9) with associated bone invasion. The mass was biopsied revealing adenocarcinoma arising from the lacrimal gland, consistent with adenoid cystic carcinoma. uptake on PET depending on FDG avidity of the primary malignancy.
Ocular implants and prosthesis
An ocular prosthesis is an artificial implant placed in an empty eye socket following an enucleation, evisceration or orbital exenteration. Implants and prosthetics are commonly used in the management of patients with intraocular tumors, trauma and disfigured eyes (Fig. 9) . Hydroxyapatite implants are the most common type due to their porous nature allowing for ingrowth of host fibrovascular tissue reducing the risk of migration, extrusion and infection [13] . The implant supports the prosthesis, which is a convex shell that fits over it Figure 7 A 52-year-old man presenting with abdominal adenopathy and blastic bone lesions on CT with unknown primary. PET/CT demonstrated widespread malignancy including an FDG-avid lesion in the right medial orbit with associated soft tissue thickening as seen above (SUV max 4.8). Biopsy of a chest wall node revealed poorly differentiated non-small cell carcinoma with neuroendocrine features suggestive of a gastrointestinal primary.
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Retinal detachment is a disorder of the eye in which there is separation of the light sensitive retina in the back of the eye from the supporting layers leading to retinal tissue death and permanent vision loss. The most common form of treatment for retinal detachment is vitrectomy. It involves removing the vitreous humor from the eye and refilling it with silicon oil to reattach the retina [14, 15] . However, there is an increased risk of glaucoma in these patients but this can be treated with a glaucoma shunt (Fig. 11) .
Conclusion
FDG-PET/CT is a valuable tool in diagnosing and staging various types of cancers. Whether the findings are apparent or very subtle, as in the case of abnormalities within the orbit, they can have a profound impact on patient management and appropriate follow-up. Ophthalmologic abnormalities on FDG-PET/CT 109 Figure 10 A 64-year-old woman with a history of squamous cell carcinoma of the oropharynx. Images demonstrated normal variant FDG uptake in the larynx, focal FDG uptake in the right lobe of the thyroid gland and left phthisis bulbi (shrunken, non-functional eye) with a non-FDG-avid prosthesis anterior to it. At times, a plastic scleral shell may be used to treat phthisis bulbi or microphthalmia. Figure 11 A 77-year-old man presenting with non-small cell lung cancer with a history of retinal detachment. PET/CT images demonstrate a non-FDG-avid hyperdense foreign material in the superior aspect of the left eye. The most common form of treatment for retinal detachment is vitrectomy, such as in this case. It involves removing the vitreous fluid from the eye and refilling it with silicon oil to reattach the retina. The left globe is also more dense than the right (22 HU vs 11 HU) due to the differences in fluid. However, there is an increased risk of glaucoma in these patients but it can be treated with a glaucoma shunt, seen as the hyperdensity in this case.
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